Background: Optimal clinical trial endpoints for irritable bowel syndrome with constipation (IBS-C) are uncertain. Objective: The objective of this article is to compare adequate relief (AR) to abdominal/bowel symptoms, global endpoints, and FDA and EMA responder criteria; and to use AR as an anchor to assess clinically meaningful change (CMC) in IBS-C symptoms. Methods: Using pooled 12-week data from two phase 3 linaclotide clinical trials, daily abdominal/bowel symptoms and weekly global assessments were correlated with AR. Symptom CMC thresholds were estimated using AR as an anchor. Agreement between AR and FDA/EMA responder criteria was assessed. Results: Correlations of AR with percentage change in abdominal symptoms, bowel symptoms, and global endpoints ranged from 0.48-0.54, 0.32-0.39, and 0.61-0.71, respectively. Using AR as an anchor, CMC thresholds were 29% improvement in abdominal pain, 29% improvement in abdominal discomfort, and 0.7/week increase in CSBMs, similar to thresholds for IBS-C responder endpoints recommended by the FDA and EMA. There was considerable agreement of weekly responder rates between AR and the FDA and EMA endpoints (on average, 70%-76% and 71%-82% of weeks with agreement, respectively). Conclusions: AR bridges IBS-C clinical trials, putting into perspective the disparate primary endpoints recommended by professional societies and regulatory authorities, and allowing researchers, practitioners, and regulators to compare trial results.
Introduction
Irritable bowel syndrome (IBS) is a chronic functional gastrointestinal disorder, the hallmark symptoms of which are abdominal pain or discomfort associated with altered bowel function. 1 IBS with constipation (IBS-C), a subtype of IBS, is associated with patient reports of hard stools, straining, a sensation of incomplete evacuation, and bloating, in addition to the characteristic abdominal pain or discomfort and reduced stool frequency. 2 Patient-reported outcomes (PROs) play a pivotal role in evaluating IBS symptoms in clinical trials; however, the multifaceted nature of IBS can lead to difficulties in appropriately portraying the full patient experience. Traditionally, IBS clinical trials have utilized global assessment endpoints (ratings of overall change in condition; for example, ''adequate relief'' or ''satisfactory relief'') as the primary efficacy endpoint. 3 Adequate relief (AR) is measured as a dichotomous endpoint (e.g. ''Overall, have you had adequate relief of your IBS symptoms during the past 7 days?'' (yes/no)). AR of IBS symptoms as a global endpoint has been compared to multiple secondary endpoints and symptoms, [4] [5] [6] and has been shown to demonstrate excellent construct validity and ability to detect clinically meaningful changes (CMC) in key abdominal and bowel symptoms associated with IBS illness severity. However, it has been suggested that more sensitive endpoints might be needed to best distinguish between responders and nonresponders in an IBS-C population. 5 Likewise, the Food and Drug Administration (FDA) and, more recently, the European Medicines Agency (EMA), have expressed concerns with the use of global measures (including AR) as primary endpoints because they neither specifically indicate improvement of individual symptoms nor provide relative degree of improvement or worsening of symptoms. 7, 8 The recommended FDA primary endpoint is a composite responder endpoint incorporating abdominal pain and abnormal bowel function, the hallmark symptoms of IBS considered important and bothersome to patients. 7 The change in bowel function is based on specific definitions: a spontaneous bowel movement (SBM) is a bowel movement (BM) occurring in the absence of any laxative, enema, or suppository use during the preceding 24 hours, and a complete spontaneous bowel movement (CSBM) is an SBM that is associated with a sensation of complete emptying. According to the FDA criteria, an IBS-C responder must report (in the same week for at least 50% of the treatment period weeks) both an improvement from baseline of 30% in the weekly average of daily scores for worst abdominal pain and an increase of 1 CSBM per week from baseline.
The current EMA recommendations for primary efficacy endpoints in IBS clinical trials differ from the FDA recommendations; the EMA recommends a patient global assessment of symptoms and abdominal discomfort/pain as co-primary endpoints. 9 However, it should be noted that a recent draft update of the EMA Guidelines on the Evaluation of Medicinal Products for the Treatment of Irritable Bowel Syndrome (released for public comment in 2013) advocates the use of a combined endpoint similar to that recommended by the FDA. The FDA and current and draft EMA recommendations specify that responders should be based on CMC in the measures for a specified time interval (suggested 50% of the time on treatment in a study).
Neither the FDA-recommended responder endpoint nor the current EMA co-primary endpoints have been examined relative to traditional global assessment endpoints, such as AR.
Linaclotide is a first-in-class guanylate cyclase C (GC-C) agonist that has been approved in the United States and Europe for the treatment of IBS-C in adult men and women. In animal models, linaclotide has also been shown to reduce visceral hypersensitivity; this effect may be related to cGMP modulating afferent nerve activity in the extracellular space. [10] [11] [12] In humans, linaclotide accelerated colonic transit in a pharmacodynamics study 13 and improved abdominal pain and constipation associated with IBS-C in two large phase 3, double-blind, placebo-controlled trials. 14, 15 The phase 3 trials used primary responder endpoints according to both the current FDA and EMA guidelines (primary endpoints were specified for each territory) and also examined global endpoints, including AR, to assess overall IBS symptom improvement.
The objectives of the analyses conducted in the current study were: first, to examine the relationship between AR and abdominal and bowel symptoms, other global endpoints, and the current FDA and EMA responder criteria for IBS; and, second, to use AR as an anchor for assessing CMC in abdominal and bowel symptoms in IBS-C.
Methods

Linaclotide phase 3 trial design
Two phase 3 trials were conducted to evaluate the efficacy and safety of linaclotide in patients with IBS-C (published elsewhere-including entry criteria, methodology, and results). 14, 15 Both trials included a screening period and a two-week baseline period, after which eligible patients were randomized to receive an oral capsule of linaclotide 290 mg or matching placebo daily during a 12-or 26-week treatment period. The current pooled analyses utilize data from the first 12 weeks of treatment, the pre-specified treatment duration for assessment of the primary endpoints. Baseline and treatment period efficacy data were captured using an interactive voice response system (IVRS) for daily and weekly symptom assessments.
Patients
In total, 1602 patients were included in the pooled phase 3 IBS-C intent-to-treat (ITT) population, defined as patients who received 1 dose of double-blind trial medication during the treatment period and had 1 post-randomization assessment of abdominal pain or BM frequency.
For symptom-specific analyses, the analysis populations were limited to patients in the pooled phase 3 IBS-C ITT population who were experiencing specified symptom scores at baseline, as outlined in Table 1 .
These populations were established to ensure that patients included in the analyses were experiencing at least mild symptoms at baseline. These restrictions on the populations were applied to the correlations of AR with symptom-specific endpoints ( Table 2) , estimations of CMC thresholds (Table 3) , and responder rates based on CMC thresholds (Table 3 ).
Clinical assessments
Clinical assessments (daily and weekly assessments, as well as assessments conducted at trial visits) have been published in detail elsewhere 14, 15 and are summarized in the online Appendix.
Endpoints
The FDA responder endpoint for IBS-C required that, during the same week for at least 50% of treatment period weeks (i.e. at least six of the first 12 weeks), the patient reported: (i) an improvement of 30% from baseline in the average of the daily worst abdominal pain scores and (ii) an increase of 1 CSBM from baseline. The co-primary endpoints used in the linaclotide phase 3 trials for EMA submission required that, for at least six of the first 12 weeks of the treatment period, the patient reported: (i) an improvement of 30% from baseline in either the mean abdominal pain or abdominal discomfort score for that week, with neither of the scores worsening from baseline for that week (weekly abdominal pain/abdominal discomfort responder) and (ii) a response of ''considerably Patients needed to meet these criteria during the baseline period in order to be eligible for randomization (average of daily abdominal pain scores and average per week for CSBMs/SBMs). b A total of 210 patients did not have an SBM during the baseline period and, therefore, were missing baseline straining and stool consistency scores. Week 12 last observation carried forward (LOCF), pooled phase 3 IBS-C ITT population; patients with a baseline score of <3 (on the 0-to 10-point NRS) for an abdominal symptom were excluded from the analysis of that symptom; patients with a baseline score of <2 for straining, >3 for stool consistency, or a missing stool consistency or straining score (i.e. due to 0 SBMs) were excluded from the analysis of that parameter.
relieved'' or ''completely relieved'' (corresponding to a score 2) to the degree of relief of IBS symptoms question (weekly IBS degree of relief responder). For the purposes of comparing the FDA and EMA responder criteria with the AR criteria, the current analysis focuses on patients meeting the FDA responder criteria for a particular week (to be referred to hereafter as weekly FDA responders) and each of the EMA co-primary criteria for a particular week (to be referred to hereafter as weekly EMA responders).
Abdominal symptom endpoints included percentage change from baseline in abdominal pain, discomfort, bloating, fullness, and cramping. Bowel symptom endpoints included change from baseline in CSBMs, SBMs, stool consistency, and straining. Global endpoints included AR, IBS degree of relief, IBS severity, constipation severity, and treatment satisfaction.
Statistical methods and data analysis
Relationship of AR and symptom-specific and global endpoints. To examine the relationship of AR of IBS with abdominal and bowel symptom endpoints, as well as with global endpoints, correlations between AR and the percentage change from baseline in abdominal symptoms, the change from baseline in bowel habits, and the global endpoints at Week 12 are presented (using a last-observation-carried-forward (LOCF) approach). For the purposes of interpretation of the correlations, r ¼ 0.3 was considered a medium effect size and r ¼ 0.5 was considered a large effect size. 16 In addition, to further examine the relationship between AR and other global endpoints (i.e. degree of relief, IBS severity, constipation severity, and treatment satisfaction), as well as symptom-specific patientrating-of-change (PRC) assessments (i.e. abdominal pain and CSBMs), the percentage of patients reporting AR is presented by response category for each assessment (using an LOCF approach).
CMC threshold determination and analysis. CMC thresholds for the abdominal and bowel symptoms were estimated using receiver-operating characteristics (ROC) methods. 17 A repeated-measures mixed model (RMMM) was applied to the observed-case data from the ITT population to account for the within-patient correlation due to weekly reporting of AR over the 12-week treatment period. The CMC thresholds were then used to determine 12-week responder rates (i.e. the average across Weeks 1 through 12) for each of the abdominal and bowel endpoints; p values for linaclotide versus placebo were determined using a Cochran-Mantel-Haenszel (CMH) test controlling for geographic region and clinical trial. The online Appendix provides additional statistical methods for CMC threshold determination and analysis.
Agreement of AR with FDA and EMA responder criteria. To compare AR with the FDA responder criteria for IBS-C, the agreement between the weekly AR and weekly FDA responder criteria was determined. For each patient, response pairs for the AR and FDA responder criteria were determined at each week and the agreement (agreement ¼ percentage of times a patient had AR and was a weekly FDA responder or did not have AR and was not a weekly FDA responder) was Pooled phase 3 IBS-C ITT population; patients with a baseline score of <3 (on the 0-10-point NRS) for an abdominal symptom were excluded from the analysis of that symptom; patients with a baseline score of <2 for straining, >3 for stool consistency, or a missing stool consistency or straining score (i.e. due to 0 SBMs) were excluded from the analysis of that parameter.
calculated for the patient's 12 weekly response pairs. Then, an average across patients was taken to provide an estimate of the percentage of weeks across the 12week treatment period that the weekly AR and weekly FDA responder criteria agreed. The same method was used to compare the weekly responder rates for AR with each of the weekly EMA criteria for IBS-C (weekly abdominal pain/abdominal discomfort responder and weekly IBS degree of relief responder).
Results
Correlation of AR to symptom-specific and global endpoints
The correlations of AR with abdominal symptoms ranged from 0.48 to 0.54. In contrast, the correlations of AR with change in bowel symptoms were slightly lower, ranging from 0.32 to 0.39. As would be expected, correlations of AR with other global endpoints were higher, 0.61 to 0.71 ( Table 2) .
Relationship between AR and other global responses based on categories of change (relief, improvement, severity, or satisfaction). In general, AR strongly corresponded to degree of relief and PRC questions ( Table 4 ). For example, >90% of patients who reported being ''completely relieved/improved'' and >80% of patients who reported being ''considerably relieved/improved'' on the IBS degree of relief and abdominal pain and CSBM PRC questions also reported AR of their IBS at Week 12. Approximately half (46% to 55%) of patients who reported being ''somewhat relieved/ improved'' reported AR. In contrast, relatively few patients (17%) who reported their relief/improvement as ''unchanged'' or ''worse'' reported AR. Patient ratings of IBS severity and constipation severity revealed a similar trend, with lesser severity corresponding to higher rates of AR. Likewise, patients reporting greater treatment satisfaction also had higher rates of AR.
CMC relative to thresholds based on AR. Thresholds for CMC in abdominal and bowel symptoms using AR as an anchor are displayed in Table 3 . Thresholds for related abdominal symptoms, abdominal pain, discomfort, and cramping, were similar (27% to 29%), and those for fullness and bloating were also similar but lower (20% to 24%).
The percentage of patients reporting CMC for abdominal and bowel symptoms was significantly greater for linaclotide-treated patients compared with placebo-treated patients (p < 0.0001 for all endpoints). The numbers needed to treat (NNT) ranged from 4.8 to 6.9 for abdominal symptoms and 2.1 to 3.6 for bowel symptoms.
Agreement of weekly AR and current FDA and EMA responder criteria. An analysis of the within-patient agreement between weekly AR and the FDA weekly responder criteria (i.e. AR and weekly FDA responder þ no AR and not a weekly FDA responder) revealed considerable agreement between AR and the weekly FDA responder criteria (on average, 70% and 76% of weeks with agreement in the linaclotide and placebo groups, respectively; Figure 1 ). The weekly AR response criteria appear to be less stringent than the weekly FDA responder criteria, as patients reported AR but were not FDA responders for an average of 24% and 18% of weeks in the linaclotide and placebo groups, respectively; conversely, patients were FDA responders but did not report AR for an average of only 6% of weeks on either linaclotide or placebo.
Similarly, the within-patient agreement between AR and the current EMA responder criteria averaged 72% and 71% of weeks in the linaclotide and placebo groups, respectively, for weekly abdominal pain/discomfort responder (Figure 2(a) ), and 80% and 82% of weeks, respectively, for weekly IBS degree of relief responder (Figure 2(b) ). The EMA weekly abdominal pain/discomfort responders and weekly AR responders appear to overlap significantly. The weekly AR response criteria appear to be less stringent than the EMA weekly IBS degree of relief responder criteria, as patients reported AR but were not IBS degree of relief responders for an average of 18% and 16% of weeks in the linaclotide and placebo groups, respectively; conversely, patients were IBS degree of relief responders but did not report AR for an average of only 3% and 2% of weeks in the linaclotide and placebo groups, respectively.
Discussion
This paper shows that there is substantial agreement of weekly AR with weekly FDA and EMA responder criteria. When anchored by AR, CMC thresholds for abdominal and bowel symptoms correspond well with thresholds required to meet FDA and EMA endpoints.
AR, as a patient-reported outcome assessment for IBS, has historical, regulatory, and clinical relevance. It is recommended by the Rome III committee for clinical trials as the primary outcome assessment in IBS treatment trials. 18 AR has been used as an endpoint in numerous upper and lower functional gastrointestinal diseases 6, 19 and was accepted by the FDA as the primary endpoint for the approval of alosetron. 20 It is consistently able to distinguish efficacious drugs from placebo, with treatment effects that are at least as large as other measured endpoints. 5, 6 AR has shown excellent quantitative measurement properties, including construct validity, reproducibility, and responsiveness. [4] [5] [6] 21 The linaclotide pooled phase 3 IBS-C database, which included more than 1600 patients, provided an opportunity to examine the relationship between AR and individual symptoms, other global assessments, and the current FDA-and EMArecommended responder criteria for IBS-C in the context of randomized, controlled trials using uniform endpoints.
These analyses provide data supporting the use of AR as an endpoint in IBS-C trials. Using AR as an anchor, the CMC thresholds for abdominal pain and CSBMs were similar to the FDA responder endpoint criteria. Interestingly, the CMC thresholds for bloating and fullness, both important and bothersome symptoms in patients with IBS-C, were lower than the threshold for abdominal pain, suggesting that patients may value smaller improvement in these symptoms compared with abdominal pain.
Assessment of AR and individual symptoms in IBS-C
AR demonstrated medium to large, 16 and statistically significant, correlations with the individual symptoms of IBS-C, particularly for abdominal symptoms. In addition, the majority of patients who reported Relief/improvement category ''Worse'' includes patient ratings of ''somewhat worse,'' ''considerably worse,'' and ''as bad as I can imagine.'' b Improvement was defined as patient rating of ''somewhat improved,'' ''considerably improved,'' or ''completely improved.'' A total of 70% (670 of 955 patients) and 74% (608 of 825 patients) of patients who reported improvement in abdominal pain and CSBMs, respectively, also reported AR. c 85% (509 of 597 patients) and 83% (504 of 610 patients) of patients who reported their IBS severity and constipation severity, respectively, as ''none'' or ''mild'' also reported AR; 6% (23 of 387 patients) and 6% (23 of 414 patients) of patients who reported their IBS severity and constipation severity, respectively, as ''severe'' or ''very severe'' also reported AR. improvement (i.e. responses of ''somewhat improved,'' ''considerably improved,'' or ''completely improved'' on PRC questions) on individual symptoms such as abdominal pain and CSBMs also reported AR (70% for abdominal pain and 74% for CSBMs); and few patients who reported worsening of these individual symptoms reported AR (11%). Similarly, lesser IBS severity and constipation severity corresponded to higher rates of AR. These data suggest that AR is effectively demonstrating patients' current symptom intensity.
Assessment of AR with satisfaction and improvement
AR is strongly associated with treatment satisfaction, in that patients who reported being more satisfied with treatment also had higher rates of AR. As a dichotomous (yes/ no), integrative (of all relevant symptoms to a particular patient) endpoint, based on the patient's own reference system, AR appears to be measuring a degree of relief that is somewhat more stringent than only ''somewhat relieved/improved'' for general or symptom-specific PRC assessments. Therefore, this analysis shows that AR may be measuring clinically meaningful improvement that is slightly beyond the minimal important difference perceptible to a patient.
Assessment of AR in comparison to current FDA and EMA endpoints
AR was used to anchor estimates of CMC in the current analysis. This analysis revealed thresholds for abdominal pain and CSBM frequency that are similar to the values chosen by the FDA for its recommended responder endpoint and consistent with thresholds determined by studies in neuropathic pain (i.e. approximately 30% improvement over baseline). 7, 22 Average % of Weeks with Adequate Relief These findings provide support for the FDA IBS-C composite endpoint. Weekly AR and the weekly FDA responder criteria showed considerable agreement (at least 70% of weeks across all patients). Similarly, using AR as an anchor, the CMC threshold for abdominal discomfort coincides very closely with the threshold required for the current EMA endpoint, and provides support for this component of the EMA co-primary endpoint. Analysis of agreement between weekly AR and each of the EMA's two weekly responder parameters revealed agreement for more than 70% of weeks for the weekly abdominal pain/discomfort responder and for at least 80% of weeks for the weekly global responder. These data suggest that the dichotomous endpoint of AR behaves similarly to the current EMA co-primary endpoints and could be considered for the global assessment requirement for one of the two primary endpoints currently recommended by the EMA. These findings also suggest that the FDA composite IBS-C responder endpoint and EMA co-primary IBS-C endpoints overlap with a similar proportion of AR responders and provide strong quantitative support for the regulatory agencies' currently approved endpoints.
Assessment of AR as a PRO endpoint
These post-hoc analyses demonstrate that AR has statistical significance and clinical meaningfulness as a PRO measure for clinical trials in IBS-C, and extends prior analyses that validated AR as a relevant outcome in IBS with diarrhea (IBS-D) 5 by showing similar properties in IBS-C. AR and other dichotomous outcome measures (e.g. satisfactory relief, considerable relief) have been used as primary or secondary endpoints in many IBS clinical trials, 6 and as additional endpoints in the most recent linaclotide trials. Therefore, AR serves as a bridge across clinical trials to put into perspective the disparate and evolving primary endpoints recommended by professional societies and regulatory authorities, 7, 9, 18 allowing researchers, practitioners, and regulators to compare the results of these trials. IBS patients experience multiple symptoms and different patients may not have the same symptoms; additionally, the importance or relative contribution of each symptom, including the most bothersome symptom, to a patient's overall disease experience differs among patients. The dichotomous AR endpoint reflects, in a single outcome measure, the range of symptoms of the syndrome, and thereby represents a generalized improvement in the individual symptom and impact parameters. Asking the patient if he or she has experienced AR of IBS symptoms allows the patient to integrate all symptoms relevant to that patient and judge the assessment of improvement against that patient's own reference system. 6 If used in combination with individual symptom measures, AR is a useful benchmark in clinical trials to compare across treatments, and may be relevant as a supportive endpoint for regulatory approvals. Moreover, AR has utility in the clinic (in conjunction with individual symptom measures), where more complex responder endpoints (such as the FDA's newly recommended endpoint and the EMA's older co-primary endpoints) may not, as AR is easily understood by the IBS patient and easily administered and interpreted by the practitioner.
In conclusion, AR has utility as a measure of clinical meaningfulness and, when AR is used as an anchor to estimate the thresholds for CMC in abdominal and bowel symptoms suffered by IBS-C patients, thresholds correspond well with the levels of improvement required to meet the FDA and EMA endpoints. Each of these endpoints is acceptable for use in clinical trials, but AR may be more useful in the clinical setting.
